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IntroductionClosetotheDutchbordertheRhinesplitsupintothreebranches.Inthesixtiesofthelastcentury,oneofthesebranches,theLowerRhine,hasbeencanalizedbytheconstructionofthreesetsofweirsandlocks.Thus,thewaterdistributionbetweentheriverbranchescanbecontrolledandthewaterdepthsforinlandnavigationhavebeenoptimized.ThiscanalizationappliestothelowdischargesoftheRhine.Athigherdischargestheweirswillbelifted,sothattheLowerRhineisagainfreeflowingriverȋDeGaayandBlokland,ͳͻ͹ͲȌ.ThosethreeweirandlockcomplexesintheLowerRhinearebeingrenovat-ed,whichincludestheremovalandreplacementofthevisorgatesoftheweirs.Thispaperfocusesonthemainhydraulic aspectsof theweir renovation, i.e. the increasedhydraulic loadsdue to the re-placementofthegatesandthemeasuresthathavetobetaken.








Tableͷ Levelsandheaddifferences(Rijkswaterstaat,2013)Location Targetwaterlevel*Ȍ Silllevel*Ȍ Standardmax. headatlowdischarge**ȌDriel Ϊͺ.ʹͷm Ϊͳ.ʹͷm ʹ.ʹͷmAmerongen Ϊ͸.ͲͲm -ʹ.ͲͲm ͵.ͲͲmHagestein Ϊ͵.ͲͲm -Ͷ.ͷͲm ͵.ͷͲ***Ȍ*ȌWithreferencetoNAP:AmsterdamOrdnanceDatum.**ȌWiththeexceptionofcalamities.***ȌTide-dependent.






Right:downstreamfaceoftemporarygatewithremovableconcretepanels.Duringtheshortperiodinwhichtheoldgateisremovedandthenewgateisinstalledandtested,thetemporarygatehastoretainthewater.However,itisnotpossibletoliftthetemporarygatetoregu-lateandletwaterthrough.Ifthentheriverdischargeincreases,theothervisorgateoftheweirisusedtoregulatetheupstreamwaterlevel.Itmaybenecessarytoliftthatothergatehigherthanusualtoletthroughthesurplusofwater.Assumingthatthedischargeunderneaththatgatewillbetwiceashigh,alsotheflowimpulseandtheflowvelocitiesfurtheron,abovethebedprotectionandtheunprotectedriverbed,willbetwiceashigh.Theoriginalbedprotectionbehindthegate,whichconsistsofconcreteblocksandbeamsextendstoapproximately͵Ͷbehindthegatesill.Giventhehigherflowvelocitiesusingonlyoneoperationalgate, itwasnecessary to lengthen thebedprotectionusingrockarmourlayersandgeotextileasfilter.Tolimitthestonesizesinthesearmourlayersandthelengthoftheextrabedprotection,thetemporarygatehasbeenbuiltwitheightlargeopenings,ashighasthegate,eachofwhichhasbeenequippedwithfiveconcretepanelsȋFigure͵,rightȌ.Atincreasingdischargestheseconcretepanelshavetobeliftedoutbyusingfloatingcrane.Thus,theflowcanbemoreevenlydistributedover thewidthof the river.When thedischargedecreases again, these concretepanelshavetobereinstalled.Becauseofthedifficultyofoperatingthesepanels,thishastobewellprepared.
BundesanstaltfürWasserbauKolloquiumHydraulikderWasserbauwerkeȂNeuesausPraxisundForschungƒʹͲ.undʹͳ.FebruarʹͲͳͻ
ǦͷͶǦ
FlowvelocitiesandbedprotectionWhenthedesignoftheseweirswasmade,ithasbeendecidedtobuildtwolargeopeningsinsteadofoneverylargeopeningorthreesmalleropenings.Thesetwoopeningshavetheadvantagethatduringriverfloodsshipscanpassthroughtheweirwhenthe locksareoutofservice.Besidesthetwo largeopeningswithvisorgates,thereisseparateculvertwithcylindervalveinthemiddlepierforregu-lating thesmallerdischarges.To certain level the twogatesmaybeusedaseachother’s reserve.However,majordrawback is the limitedwidth for the flowwhendoingmajormaintenanceof thegateorwhenthegateisforsometimeunexpectedlyoutofservice.Then,thelimitedavailabilitymaycoincidewithhighriverflood.Asanexample,whentheheaddifferenceisreducedtoʹ.ʹandthedischargehasincreasedto͵ͺͷm͵/sȋaverageRhinedischargeʹʹͲͲm͵/sȌ,withtwovisorgatesandthecylindervalveavailable,thegateswillbothbeliftedtoheightofaboutͲ.ͷͷm.ThenͳͶͷm͵/swillpassunderneatheachgate.Theaverageflowvelocityattheendoftheoriginalbedprotectionislowerthanͳm/s.However,withonlyonegateinuse,liftedtoaboutthedoubleheight,thisvelocityincreasestoaboutʹm/s.ThiseffectisillustratedbytheresultsofanexploratoryCFD-calculation,showninFigureͶ.

Figure4: CFD-calculationofflowthroughoneopening;streamlines(O’MahoneyandBoschetti,2016).During  river flood,with further increasingdischarges, the flowvelocitiesdownstreamof theweirwillbehigher.Velocitiesareexpectedtoincreaseuntilthewaterlevelsreachthelevelofthecrestoftheweirstructure,mainly the topof the temporarygate,and the levelof the floodplains.When,atevenhigherdischarges,partoftheflowrunsoverthefloodplains,theflowvelocitiesattheriverbedbehindtheweirwilldecrease.Whenonlyoneweiropening isavailable, inadditiontotheextrahighflowvelocitiesoverwidearea inheteventofhighriverdischarge,oneshouldalsoconsider theflowloadscausedbytheamplifiedjetunderneaththegateatlowerdischarges,whenthatonegateisstillininthewaterandisusedforregulation.Attheselowerdischarges,whentheheaddifferenceishigher,velocitiesclosetothegatearehigher.Theplanejetcomingfromunderneaththegatehitsthesill, jumpsuptothesurfaceandflowsdownagain,to impacttheconcreteblocks intheoriginalbedprotection.Thisimpactloadmayincreaseduetothedoubledheightofthejet.
BundesanstaltfürWasserbauKolloquiumHydraulikderWasserbauwerkeȂNeuesausPraxisundForschungƒʹͲ.undʹͳ.FebruarʹͲͳͻ
ǦͷͷǦ
Regardingtheincreasedflowloadstwomeasureshavebeentaken.First,largepartoftheareaoftheexistingconcreteblocksistemporarilyballastedbysteelslabs,whichweighaboutͳ͵tonsandhavethicknessofͲ,ʹʹͷm.Second,bothupstreamanddownstreamoftheweirthebedprotectionhasbeenextendedbyapplying rockarmour layers.Under these rock layers geotextile isusedas  filter toavoidthattheloosesandunderneathiswashedout.Theextendedrockprotectionpreventsthatlargescour holeswill develop leading to bank slides or slides near theweir structures. For theweir atHagestein,bothmeasuresareshown inFigure ͷ ȋDonselaar-Gaal,ʹͲͳ͹Ȍ.Here, themainpartof theprotectiondownstreamhastoplayerofͶͲ-ʹͲͲkgrockgrading.

Figure5: TopviewofbedprotectionmeasuresatHagestein,left:overall,right:close-upofsteelslabs.




Fortunately, thedischarges remained lowandcouldbediverted to theneighbouringpowerstation,andthereparationswerecarriedoutinshorttimeȋFigure͸,rightȌ.
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


Figure6: Damaged(left)andrepaired(right)bedprotectiondownstreamAmerongenWeir.
ConclusionTheLowerRhinehasbeencanalizedbythreeidenticalweirs,eachofwhichhastwoͶͺwideopen-ingswithvisorgates.Thesewidegateshavetheadvantagethatshipscanpassthroughtheweirwhenthelocksareoutofservice,duringriverfloods.However,thebasicchoiceforonlytwowideopenings,andsmallerregulatoryculvert,impliesthatrenovationofsteelvisorgatecannotbecarriedoutbyonlyclosingofftherelatedopening,astheflowvelocities intheotheropeningduringhighriverdis-chargeswillbeextremelyhigh.Therenovationofthevisorgateshasbeenmadepossiblebythecon-structionof temporarygatewitheightopeningsandremovableconcretepanels,andbyballastingandextendingthebedprotectionoftheweir.Asonlyonevisorgateattimeisrenovated,theballastofsteelslabsandthetemporarygatearereusedatthenextgate.Specialattentionandpreparationswillberequiredwhentheconcretepanelshavetobeliftedfromandreplacedinthetemporarygate.Anunexpecteddamagetooneoftheoriginalprotectionsofconcreteblockshasagainproventhatpe-riodicmonitoringofthebedprotectionsismandatory.
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